A summary of different mathematical models of MoA surge arrester from the previous literature, are presented in this paper. Application of the surge arrester as protective is analysis through a numerical example considering the protected substation including transformer. The static model as well as dynamic one is analyzed and compared from the point of view of protected distance.
INTRODUCTION
Circuit breakers, which can operate within 50 ms, are too slow to protect against lightning or switching surges. Lightning surges can rise to peak levels within a few microseconds, and switching surges within few hundred microseconds, fast enough to destroy insulation before a circuit breaker could open. Protective devices such as surge arresters are employed, and these can be used to protect equipment insulation against transient overvoltages. These devices limit voltage to a safe level and absorb the energy from lightning and switching overvoltage.
Since years metal oxide surge arresters are well accepted for effective protection against overvoltage in air insulated substation (AIS) and (GIS). The advantage of MO-arresters are of the greatest importance for the reliability of SF6-gas insulated substations (GIS) and gas-insulated cable as well.
Metal-Oxide surge arresters generally have such characteristics that their residual voltage rises for current impulse having steeper front than standard impulse current (8/20µs). Rising rate of residual voltage depends on the time to crest, peak value of the current and kinds of models. The laboratory tests prove that the Metal-Oxide surge arresters have very strong dynamic V-I characteristics for lightning and other fast-front surges. These characteristics become important in considering the insulation coordination and arrester location, [1] . For example, for G.I switchgear the insulation coordination must be designed more rationally, taking into account of the protection performance of surge arresters.
MATHEMATICAL MODELS OF MOA SURGE ARRESTERS
Since 1975 when the first practical application of Metal-Oxide surge arrester to real power system took place, a number of studies and publications describes many methods of MoA modeling. Summary of some models proposed and investigated in several previous literatures is discussed in the following paragraphs.
Nonlinear Resistors model (static model)
The nonlinear resistor is a such device which has the property that their resistance diminishes sharply as the voltage across them increases. This characteristic is usually expressed as: I KU =  , where  is the degree of nonlinearity between the current and voltage and is dependent on the MoA material [2] . The constant K is likewise dependent on the material, but in addition it is controlled by geometry of the element, it is proportional to the cross-sectional area of element and inversely proportional to its length.
These kinds of models are applied in circuits at all voltages levels, for example in large chunks, under oil, across the windings of power transformer. They are connected across the apparatus to be protected and so they withstand the system voltage under nominal operation conditions. On incidence of a surge of voltage, the resistance falls rapidly as the voltage arises, thereby diverting much of the current and energy of the surge into the suppresser.
Dynamic model
This static characteristic can be changed to dynamic characteristic as adding a series inductance L. The equivalent circuit is sown in fig. (1) . The value of non-linear inductance may estimate once the arrester current is known from trail run [3] . The problem lies in that the fixed value of L is not valid for all operation conditions, and this fact should be taken in the analyzing of v-i curve U(I).
IEEE Recommended Model
The model for fast front currents surges with time to crest in the range of 0.5 to 10 s is developed by Durbak, and simulated in EMTP as shown in figure 2 [4] . The main idea is to divide a single non-linear resistance into m parallel non-linear resistance, separated by low pass filters, in practical case two parallel non-linearity are sufficient. The R1-L1 circuit is the low pass filter which separates two non-linear resistance defined by io(uo), i1(u1). The inductance LO represent the small but finite inductance associated with magnetic fields in the immediate vicinity of the surge arrester [5] . RO is used only to damp numerical oscillation and C is the stray capacitance of surge arrester. In the case of slow-front surges, the filter R1-L1 has very little impedance and the AO and A1 section of the model are essentially in parallel. For fast-front surges the impedance of the R1-L1 filter becomes more significant, the result is that the arrester model active at high voltage. As general this model has many applications problems, one of them how to choose specific values of their parameters.
NUMERICAL EXAMPLE
The following example is focused on application of MoA surge arrester as a protective device. A simple model, which contains one non-linear element with static characteristic, and high dynamic model, which contains two or more non-linear elements [IEEE recommended model], are chosen. Further analysis of surge arrester efficiency as the protective device for transformer in a substation is presented. Figure 3 represents the layout of protected substation containing transformer which is protected by surge arrester connected in parallel with it. The substation is represented by input capacity CS and the transformer is represented by input capacity CT. These, approximations are allowable taking into account that the main aim of this analysis is the comparison of two models of arrester. If we consider t = h, 2h,....,....., kh, where h is the time step, then, the digital solution of voltages sources of the circuit presented in fig.(4) can be written as; [6, 7] ( ) 
These equations have the following initial conditions for k  0: 
The digital solution of Kirchhoff's equations at connection point (3) at which surge arrester is stated are depended on its model. For static model the equations at point (3) can be written as:
For the IEEE model the equations at connection point (3) can be written as; The digital solution of Kirchhoff's equations at connection point (4), at which the transformer is installed, can be obtained as follows from:
DATA APPROXIMATION AND RESULTS
The surge voltage impulse wave 1.2/50 s is approached to the substation node from infinite loss-less line, the surge is modeled according to standard wave form as [8]:
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